Recently Gurevich [1] found an exact solution for the problem posed by the plane flow past a vortex of an inviscid, incompressible fluid which is bounded above by a free surface and below by a horizontal wall. This solution, which is found by using a conformal mapping of the flow region onto the interior of a semicircular region, is restricted to flows with at least one stagnation point.
Gurevich mapped the flow region in the z -x + iy plane to the interior of a semi-circular region in the complex r plane, using Chaplygin's singular point method; see Fig. 2 . The mapping z(t) is not known initially but is obtained as part of the solution. The potential w(r) is constructed in the r plane from the assumed signularities which produce the flow in the r plane: a vortex of strength r at r = iy, its images at t = -iy,r = i/y and t = -ify, a source of strength v0l at r = -1 and a sink of equal strength at r = 1.
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The complex velocity in the z plane, f(r) = (1 fv0)(dw/dz), is constructed by requiring that f (r) has the singularities corresponding to the vortex at t = iy and its images-that is, f (r) has poles at r = ±iy and zeros at t = ±i/y-and that t(r) satisfy the boundary, free surface, and infinity conditions:
Im f = 0 on Im t = 0 |f| = 1 on |r| = 1 f = 1 at r = il.
The mapping z(j) is then found by integration of (<dz/dr) = (l/t'ofM (du/dr). For k2 < 1 the roots of (5) are located on the unit circle; since in steady flow stagnation points can not occur on a free surface, Gurevich restricts his solution to k2 > 1. For k > 1 the two critical points inside the unit circle are purely imaginary:
The critical point corresponding to = 5 is above or below the vortex at r = iy depending on the sign of r. For k < -1 the two roots inside the unit circle are real:
For the complex velocity in the z plane, Gurevich finds i-r \ -C7"2 ~ + 1)
Integration of (4) For T/v0l > 0, corresponding to a vortex with clockwise circulation and an upward force, Gurevich's solution adequately describes the flow. With Y/v0l fixed for small values of vortex height y there are two stagnation points on the wall which first separate to a maximum and then coalesce with increasing y until they coalesce into a single stagnation point. Further increase in y forces the stagnation point into the interior of the flow; see Fig. 3 . The limiting case predicted by Gurevich is not a solution, since, in the limiting case, the stagnation point occurs on the free surface. For T/v0l < 0, corresponding to a downward force, Gurevich's solution only incompletely describes the flow. Gurevich's solution predicts one stagnation point above the vortex in the interior of the flow and describes the flow when the vortex is near to the wall only up to a critical height determined by the parameter T/v0l and corresponding to raising the stagnation point to the free surface; that is, t = 8 = i, which limiting case is not a solution. If the vortex is raised above this height, Gurevich's solution does not describe the potential flow that is expected. Alternatively, if the vortex is lowered into the fluid from above, the existing solution does not predict the flow.
3. The solution for k < 1. The resolution of this difficulty is to permit the mapping from the z to the t plane to be non-conformal at the stagnation points in the r plane when these critical points occur on the semi-circle |r| = 1. The flow in the z plane will . /y* 7 r x 7 COS 6d x -7* cos ed 1 + C* arc tan -----arc tan ------= 2 L 1 -y sm 8d 1 + 7* sin 6dJ
where cos 2dd = -2/{y*2 + (I/7*2)) and A*, B*, C* are given by (7) evaluated at k*, 7* where k* is obtained from (3). Further decrease in 7 requires overlapping flows which would persist until 7 reached a second limiting critical value 70 = ((T/2v0l)2 + 1)I/2 + r/2y0Z
and k -> 1~, corresponding to the limiting case of the coalescence of the bifurcation points. This value, 7 = y0 and k -* 1+, also corresponds to the limiting case of a stagnation point on the free surface. Hence further decrease in 7 submerges the stagnation point and the resulting flow is described by Gurevich's solution.
Then, for each fixed T/2v0l, there is an interval of vortex height, 70 < 7 < 7*, for which the solution obtained here fails to describe the flow; see Fig. 6 .
It is postulated that for this range of vortex height the correct flow description is found by increasing the cavity pressure and thereby decreasing the cavity surface speed until the cavity pressure equals the stagnation pressure and the bifurcation points b r . coalesce into a stagnation point located at a finite distance below the free surface. This aspect of the flow requires further investigation.
